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LQGHFLVLRQPDNLQJ LQSDUWLFXODU FRVWEHQHILW DQGFRVWHIIHFWLYHQHVVDQDO\VHVDUHFDUULHGRXW LQ VHYHUDO
FRXQWULHVLQDPRUHRUOHVVV\VWHPDWLFZD\DWQDWLRQDOUHJLRQDORUORFDOOHYHO7KHVHVWXGLHVDUHEDVHGRQ
VRPHHVWLPDWHRIWKHVDIHW\HIIHFWVRIWKHH[DPLQHGPHDVXUHVLQWHUPVRIDFFLGHQWVRUFDVXDOWLHVUHGXFWLRQ
IROORZLQJWKHLPSOHPHQWDWLRQRIWKHPHDVXUH+RZHYHUDPRUHZLGHVSUHDGRUIUXLWIXOXVHRIHIILFLHQF\
DVVHVVPHQW RI URDG VDIHW\ PHDVXUH LV LQ PRVW FDVHV OLPLWHG DSDUW IURP WKH YDULRXV WHFKQLFDO DQG
LQVWLWXWLRQDO EDUULHUV E\ D ODFN RI NQRZOHGJH DQG GDWD RQ WKH VDIHW\ HIIHFWV RI VSHFLILF URDG VDIHW\
PHDVXUHV
1HYHUWKHOHVV WKH LPSRUWDQFH RI HIILFLHQF\ DVVHVVPHQW LQ URDG VDIHW\ LV ZLGHO\ UHFRJQLVHG DQG WKH
QHHG IRUPRUH NQRZOHGJH DQG EHVW SUDFWLFH H[DPSOHV LV EHFRPLQJPRUH DQGPRUH SURQRXQFHG0DQ\
FRXQWULHVDUH ORRNLQJ IRUZD\V WRDVVHVV WKHHIIHFWLYHQHVVRI URDGVDIHW\ LQYHVWPHQWVDQG LQIUDVWUXFWXUH
SURMHFW LQ JHQHUDO 0RUH VSHFLILFDOO\ WKH (XURSHDQ 8QLRQ 'LUHFWLYH RQ ³5RDG ,QIUDVWUXFWXUH 6DIHW\
0DQDJHPHQW´&(UHTXLUHVWKDWWKHVHOHFWLRQRIVDIHW\WUHDWPHQWVPXVWDFFRXQWIRUFRVWEHQHILW
UDWLRQDWOHDVWIRU7UDQV(XURSHDQ5RDG1HWZRUNV([LVWLQJEHVWSUDFWLFHUHFRPPHQGDWLRQVPD\FRYHUWKH
ZKROHUDQJHRIWKHHIILFLHQF\DVVHVVPHQWSURFHVVIURPWKHVHOHFWLRQDQGDSSOLFDWLRQRIDSSURSULDWHDQG
VWDQGDUGLVHG PHWKRGRORJLHV WR WKH LQWHUSUHWDWLRQ RI UHVXOWV DQG WKH LGHQWLILFDWLRQ RI PRVW HIILFLHQW
PHDVXUHVHVSHFLDOO\LQFDVHGLIIHUHQWDOWHUQDWLYHPHDVXUHVQHHGWREHFRPSDUHGDQGUDQNHG+RZHYHUWKH
PRVW LPSRUWDQW XQFHUWDLQWLHV LQYROYHG LQ GHYHORSLQJ VXFK EHVW SUDFWLFH UHFRPPHQGDWLRQV FRQFHUQ WKH
DGRSWLRQRIDSSURSULDWHYDOXHVIRUWKHVDIHW\HIIHFWVRILQGLYLGXDORUVHWVRIURDGVDIHW\PHDVXUHV
,Q WKH UHFHQW \HDUV LPSRUWDQW UHVHDUFK HIIRUWV KDYH EHHQ PDGH WRZDUGV WKH VWDQGDUGL]DWLRQ RI WKH
PHWKRGVIRUHVWLPDWLQJWKHVDIHW\HIIHFWVRIURDGVDIHW\PHDVXUHV7KHILUVWLVVXHH[DPLQHGFRQFHUQVWKH
DFFXUDF\ RI WKH HVWLPDWLRQ VR WKDW SRWHQWLDO ELDV RU RWKHU FRQIRXQGHUV DUH HOLPLQDWHG WKHVH TXHVWLRQV
PDLQO\ FRQFHUQ WKH DQDO\VHV DW QDWLRQDO OHYHO 7KH VHFRQG FULWLFDO LVVXH FRQFHUQV WKH FRQGLWLRQV DQG
QHFHVVDU\ DGMXVWPHQWV UHTXLUHG WR DOORZ WKH WUDQVIHUDELOLW\ RI WKH VDIHW\ HIIHFW HVWLPDWHV WR GLIIHUHQW
VHWWLQJV RU FRXQWULHV WKLV TXHVWLRQ KDV EHFRPH YHU\ LPSRUWDQW DW LQWHUQDWLRQDO OHYHO DQG SDUWLFXODUO\
ZLWKLQWKHGHYHORSPHQWRIKDQGERRNVDQGPDQXDOVDLPLQJWRDVVLVWGHFLVLRQPDNHUVUHVHDUFKHUVRURWKHU
VWDNHKROGHUVLQYROYHGLQWKHHIILFLHQF\DVVHVVPHQWRIURDGVDIHW\PHDVXUHV
7KHRQJRLQJ:RUNLQJ*URXSRQWKHDVVHVVPHQWRIWKHHIIHFWLYHQHVVRIURDGVDIHW\PHDVXUHVRIWKH
-RLQW7UDQVSRUW5HVHDUFK&HQWUH-75&RIWKH2UJDQLVDWLRQIRU(FRQRPLF&RRSHUDWLRQDQG'HYHORSPHQW
2(&' DQG WKH ,QWHUQDWLRQDO 7UDQVSRUW )RUXP ,7) DLPV WR IDFLOLWDWH LQWHUQDWLRQDO FROODERUDWLRQ WR
DGGUHVV WKH FRPPRQ QHHG IRU LQIRUPDWLRQ DERXW HIIHFWV RI VDIHW\ PHDVXUHV DQG WR VWLPXODWH JUHDWHU
HIILFLHQF\ LQ WKH GHYHORSPHQW RI UHOLDEOH VDIHW\ HIIHFWLYHQHVV HVWLPDWHV DQG WKHLU GLVVHPLQDWLRQ 7KH
REMHFWLYHVRIWKH:RUNLQJJURXSDUH
x 7RHYDOXDWHRSSRUWXQLWLHVIRUDQGREVWDFOHVWRLQWHUQDWLRQDOFROODERUDWLRQLQWKHGHYHORSPHQWRIFUDVK
PRGLILFDWLRQIXQFWLRQV&0)V
x 7R GHYHORS D WKHRUHWLFDO EDVLV IRU DVVHVVLQJ FRXQWHUPHDVXUH HIIHFWLYHQHVV DQG D IUDPHZRUN IRU
DVVHVVLQJWKHFRQILGHQFHWKDWFDQEHSODFHGRQFUDVKUHGXFWLRQHVWLPDWHV
x 7RH[DPLQHWKHDYDLODELOLW\RIFRVWHIIHFWLYHQHVVDVVHVVPHQWVRIURDGVDIHW\LQWHUYHQWLRQVDQGUHYLHZ
WKHTXDOLW\DQGWUDQVIHUDELOLW\RIWKHHVWLPDWHVDYDLODEOH
x 7R SURYLGH UHFRPPHQGDWLRQV WKDW FDQ LPSURYH DQG KDUPRQLVH UHVHDUFK PHWKRGV DQG UHSRUWLQJ
VWDQGDUGV DQG WKHUHE\ LQFUHDVH WKH SRWHQWLDO IRU WUDQVIHUDELOLW\ DQG PXWXDOO\ EHQHILFLDO RQJRLQJ
LQWHUQDWLRQDOFROODERUDWLRQ
$V D ILUVW VWHS WKH:RUNLQJ*URXS UHYLHZHG FXUUHQW SUDFWLFHV IRU URDG VDIHW\PHDVXUHV DVVHVVPHQW
ZRUOGZLGHERWKDWQDWLRQDODQGDWLQWHUQDWLRQDOOHYHO7KLVSDSHUSUHVHQWVWKHSUHOLPLQDU\UHVXOWVRIWKLV
UHYLHZRIFXUUHQWSUDFWLFHVZKLFKZLOOEHILQDOL]HGDWWKHUHVSHFWLYHILQDOUHSRUW
2QWKDWSXUSRVHWKHPRVWLPSRUWDQWLQWHUQDWLRQDODSSURDFKHVDQGLQLWLDWLYHVDUHDQDO\VHGFRQFHUQLQJ
KDQGERRNVDQGPDQXDOV1+76$)+:$&('5HWFEXWDOVRUHVHDUFKSURMHFWUHVXOWVOLNH6835(0(
526(%8' 3520,6,1* DQG RWKHU VWXGLHV DQG UHSRUWV ,57$' (& LFDUV 7KHVH FRPSUHKHQVLYH
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PDQXDOVKDQGERRNVDQGRWKHUWRROVKDYHEHHQGHYHORSHGLQWKHUHFHQW\HDUVDLPLQJWRJDWKHUKDUPRQL]H
DQG LPSURYH WKH H[LVWLQJ NQRZOHGJH RQ WKH HIIHFWLYHQHVV RI URDG VDIHW\PHDVXUHV  7KHVH VRXUFHV DUH
RIWHQXVHGE\FRXQWULHVZLWKLQWKHLUQDWLRQDOURDGVDIHW\HIILFLHQF\DVVHVVPHQWDQDO\VHVE\DGRSWLQJWKH
YDOXHVSURSRVHGHJLQWHUPVRISHUFHQWDJHUHGXFWLRQRIDFFLGHQWVIDWDOLWLHVRU&0)VRUE\DGMXVWLQJ
WKHP WR WKH ORFDO FRQGLWLRQV +RZHYHU GXH WR WKH LPSRUWDQW JDSV LQ WKH NQRZOHGJH FRQFHUQLQJ WKH
WUDQVIHUDELOLW\RI VXFKYDOXHVDFURVVFRXQWULHV VHYHUDOFRXQWLHVKDYHGHYHORSHG WKHLURZQPHWKRGVDQG
YDOXHV IRU DVVHVVLQJ WKH HIIHFWLYHQHVV RI URDG VDIHW\ PHDVXUHV 7KH UHYLHZ RI DOO WKHVH LQWHUQDWLRQDO
LQLWLDWLYHV KDV OHG WR D QXPEHU RI OHVVRQV XVHIXO WR WKH UHVHDUFKHUV DQG SUDFWLWLRQHUV LQ DVVHVVLQJ WKH
HIIHFWLYHQHVV RI URDG VDIHW\PHDVXUHV EXW DOVR WR WKH GHFLVLRQPDNHUV LQ RUGHU WR LPSOHPHQW HYLGHQFH
EDVHGURDGVDIHW\SROLFLHVSURJUDPPHVDQGPHDVXUHV
+DQGERRNVPDQXDOVDQGWRRONLWV
7KHKDQGERRNRIURDGVDIHW\PHDVXUHV(OYLNHWDO
7KHKDQGERRN DLPV WRSURYLGH D V\VWHPDWLFRYHUYLHZRI FXUUHQW NQRZOHGJH UHJDUGLQJ WKH HIIHFWV RI
URDGVDIHW\PHDVXUHVE\SUHVHQWLQJVWDWHRIWKHDUWVXPPDULHVRIFXUUHQWNQRZOHGJHUHJDUGLQJWKHHIIHFWV
RIURDGVDIHW\PHDVXUHV7KHW\SHVRIPHDVXUHVWKDWDUHLQFOXGHGDUHURDGGHVLJQDQGURDGHTXLSPHQW
URDGPDLQWHQDQFH WUDIILF FRQWURO YHKLFOH GHVLJQ DQGSURWHFWLYHGHYLFHV YHKLFOH DQGJDUDJH LQVSHFWLRQ
GULYHU WUDLQLQJ DQG UHJXODWLRQ RI SURIHVVLRQDO GULYHUV SXEOLF HGXFDWLRQ DQG LQIRUPDWLRQ SROLFH
HQIRUFHPHQWDQGVDQFWLRQVSRVWFUDVKFDUHDQGJHQHUDOSXUSRVHSROLF\LQVWUXPHQWV
0RUHVSHFLILFDOO\WKHKDQGERRNDLPVWRDQVZHUTXHVWLRQVUHODWHGWRWKHW\SHPHDVXUHVWKDWFDQEHXVHG
WRUHGXFHWKHQXPEHURIWUDIILFFUDVKHVRUWKHVHYHULW\RILQMXU\LQVXFKFUDVKHVWKHFUDVKSUREOHPVDQG
W\SHVRILQMXU\WKDWPD\EHDIIHFWHGE\WKHGLIIHUHQWPHDVXUHVWKHHIIHFWVRQFUDVKHVDQGLQMXULHVRIWKH
YDULRXVURDGVDIHW\PHDVXUHVDVZHOODVWKHLUUHODWHGHIIHFWVRQPRELOLW\DQGWKHHQYLURQPHQW0RUHRYHU
WKH FRVWV RI URDG VDIHW\ PHDVXUHV DUH H[DPLQHG DQG WKH SRWHQWLDO IRU FRVWEHQHILW HYDOXDWLRQV RI WKH
PHDVXUHVLVGHPRQVWUDWHG
,WLVDOVRGHPRQVWUDWHGWKDWWKHVDIHW\HIIHFWRIDPHDVXUHPD\YDU\IURPSODFHWRSODFHGHSHQGLQJRQ
WKH GHVLJQ RI WKH PHDVXUH WKH QXPEHU RI FUDVKHV DW WKH VSRW DQ\ RWKHU PHDVXUHV WKDW KDYH EHHQ
LPSOHPHQWHGHWF$QDWWHPSWKDVEHHQPDGHWRLGHQWLI\VRXUFHVRIYDULDWLRQLQWKHILQGLQJVRIGLIIHUHQW
VWXGLHVDQGWRWU\WRIRUPDVKRPRJHQHRXVJURXSVDVSRVVLEOHZKHQSUHVHQWLQJHVWLPDWHVRIWKHHIIHFWVRI
PHDVXUHVRQURDGVDIHW\
,Q SDUWLFXODU WKH KDQGERRN VHHNV WR GHYHORS REMHFWLYH NQRZOHGJH DERXW WKH HIIHFWV RI URDG VDIHW\
PHDVXUHVE\UHO\LQJRQDQH[WHQVLYHDQGV\VWHPDWLFVHDUFKRIOLWHUDWXUHDQGE\VXPPDULVLQJWKLVOLWHUDWXUH
E\PHDQVRIIRUPDOWHFKQLTXHVRIPHWDDQDO\VLVWKDWPLQLPLVHWKHFRQWULEXWLRQRIVXEMHFWLYHIDFWRUVWKDW
DUHHQGHPLFLQWUDGLWLRQDOQDUUDWLYHOLWHUDWXUHVXUYH\V$V\VWHPDWLF IUDPHZRUNKDVEHHQXVHGWRDVVHVV
WKHYDOLGLW\RIWKHVWXGLHVWKDWDUHTXRWHG0RUHRYHUWKHQHHGWRGHYHORSFUDVKPRGLILFDWLRQIXQFWLRQVLQ
RUGHUWRGHVFULEHV\VWHPDWLFYDULDWLRQLQWKHHIIHFWVRIURDGVDIHW\PHDVXUHVLVVWUHVVHG
7KHFULWHULDRIVWXG\TXDOLW\WKDWKDYHEHHQDSSOLHGWRDVVHVVWKHURDGVDIHW\HYDOXDWLRQVWXGLHVUHIHUUHG
WRLQWKLVKDQGERRNDUHWRDJUHDWH[WHQWEDVHGRQWKHYDOLGLW\IUDPHZRUNRI&RRNDQG&DPEHOO
$FFRUGLQJWRWKLVIUDPHZRUNWKHTXDOLW\RIDVWXG\FDQEHDVVHVVHGLQWHUPVRIIRXUW\SHVRIYDOLGLW\
x 6WDWLVWLFDOFRQFOXVLRQYDOLGLW\VDPSOLQJWHFKQLTXHVDPSOHVL]HUHSRUWLQJRIVWDWLVWLFDOXQFHUWDLQW\ LQ
UHVXOWVPHDVXUHPHQWHUURUV6SHFLILFDWLRQRIFUDVKRULQMXU\VHYHULW\6HFRQGSRLQW
x 7KHRUHWLFDO YDOLGLW\ LGHQWLILFDWLRQ RI UHOHYDQW FRQFHSWV DQG YDULDEOHV K\SRWKHVHV GHVFULELQJ WKH
UHODWLRQVKLSVEHWZHHQYDULDEOHVNQRZOHGJHRIFDXVDOPHFKDQLVPV
x ([WHUQDOYDOLGLW\JHQHUDOLVDELOLW\RIWKHUHVXOWVRIDVWXG\
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x ,QWHUQDO YDOLGLW\ EDVLV IRU LQIHUULQJ D FDXVDO UHODWLRQVKLS EHWZHHQ WUHDWPHQW DQG HIIHFW VWDWLVWLFDO
DVVRFLDWLRQEHWZHHQWUHDWPHQWDQGHIIHFWFOHDUGLUHFWLRQRIFDXVDOLW\GRVHUHVSRQVHSDWWHUQVSHFLILFLW\
RIHIIHFWFRQWURORIFRQIRXQGLQJIDFWRUV
7KH+LJKZD\6DIHW\0DQXDO
7KH +LJKZD\ 6DIHW\ 0DQXDO +60 DLPV WR LQWURGXFH D VFLHQFHEDVHG WHFKQLFDO DSSURDFK DQG WR
SURYLGH WRROV IRU FRQGXFWLQJ TXDQWLWDWLYH VDIHW\ DQDO\VHV DOORZLQJ IRU VDIHW\ WR EH TXDQWLWDWLYHO\
HYDOXDWHGDORQJVLGHRWKHUWUDQVSRUWDWLRQSHUIRUPDQFHPHDVXUHVVXFKDVWUDIILFRSHUDWLRQVHQYLURQPHQWDO
LPSDFWVDQGFRQVWUXFWLRQFRVWV ,QSDUWLFXODU WKH+60SURYLGHVDPHWKRG WRTXDQWLI\FKDQJHV LQFUDVK
IUHTXHQF\ DV D IXQFWLRQ RI FURVVVHFWLRQDO IHDWXUHV :LWK WKLV PHWKRG WKH H[SHFWHG FKDQJH LQ FUDVK
IUHTXHQF\RIGLIIHUHQWGHVLJQDOWHUQDWLYHVFDQEHFRPSDUHGZLWKWKHRSHUDWLRQDOEHQHILWVRUHQYLURQPHQWDO
LPSDFWVRIWKHVHVDPHDOWHUQDWLYHV
7KH+60SURYLGHVWKHIROORZLQJWRROV
x 0HWKRGV IRU GHYHORSLQJ DQG HYDOXDWLQJ D URDGZD\ VDIHW\ PDQDJHPHQW SURJUDP LQFOXGLQJ WKH
LGHQWLILFDWLRQRIKD]DUGRXVVLWHVWKHGLDJQRVLQJRIFRQGLWLRQVDWWKHVLWHWKHHYDOXDWLRQRIHYDOXDWLQJ
FRQGLWLRQV DQG WKH LGHQWLILFDWLRQ RI SRWHQWLDO WUHDWPHQWV WKH SULRULWL]DWLRQ DQG SURJUDPPLQJ RI WKH
WUHDWPHQWV DQG VXEVHTXHQWO\ WKH HYDOXDWLRQ RI WKH HIIHFWLYHQHVV RI UHGXFLQJ FUDVKHV RI WKH
SURJUDPPHGWUHDWPHQWV
x $SUHGLFWLYHPHWKRGWRHVWLPDWHFUDVKIUHTXHQF\DQGVHYHULW\
x $FDWDORJXHRIFUDVKPRGLILFDWLRQIDFWRUV&0)VIRUDYDULHW\RIJHRPHWULFDQGRSHUDWLRQDOWUHDWPHQW
W\SHVGHYHORSHGXVLQJEHIRUHDIWHUVWXGLHVWKDWDFFRXQWIRUUHJUHVVLRQWRWKHPHDQ
7KH+60LVRUJDQL]HGLQWRIRXUSDUWV
3DUW $ H[SODLQV WKH UHODWLRQVKLS RI WKH +60 WR SODQQLQJ GHVLJQ RSHUDWLRQV DQG PDLQWHQDQFH
DFWLYLWLHV3DUW$DOVRLQFOXGHVIXQGDPHQWDOVRIWKHSURFHVVHVDQGWRROVGHVFULEHGLQWKH+60
3DUW % SUHVHQWV VXJJHVWHG VWHSV WR PRQLWRU DQG UHGXFH FUDVK IUHTXHQF\ DQG VHYHULW\ RQ H[LVWLQJ
URDGZD\ QHWZRUNV ,W LQFOXGHV PHWKRGV XVHIXO IRU LGHQWLI\LQJ LPSURYHPHQW VLWHV GLDJQRVLV
FRXQWHUPHDVXUHVHOHFWLRQHFRQRPLFDSSUDLVDOSURMHFWSULRULWL]DWLRQDQGHIIHFWLYHQHVVHYDOXDWLRQ6HYHUDO
QHZQHWZRUNVFUHHQLQJSHUIRUPDQFHPHDVXUHVDUHLQWURGXFHGWRVKLIWWKHVDIHW\DQDO\VLVIRFXVDZD\IURP
WUDGLWLRQDOFUDVKUDWHVLQRUGHUWRGHDOZLWKWKHPDMRUOLPLWDWLRQDVVRFLDWHGZLWKFUDVKUDWHDQDO\VLVLHWKH
LQFRUUHFWDVVXPSWLRQWKDWDOLQHDUUHODWLRQVKLSH[LVWVEHWZHHQWUDIILFYROXPHDQGWKHIUHTXHQF\RIFUDVKHV
3DUW&SURYLGHV DSUHGLFWLYHPHWKRG IRU HVWLPDWLQJ H[SHFWHG DYHUDJH FUDVK IUHTXHQF\RI D QHWZRUN
IDFLOLW\ RU LQGLYLGXDO VLWH DQG LW LQWURGXFHV WKH FRQFHSW RI VDIHW\ SHUIRUPDQFH IXQFWLRQV 63)V 7KH
PHWKRGVDUHSURYLGHGIRUURDGVHJPHQWVDQGLQWHUVHFWLRQVIRUGLIIHUHQWIDFLOLW\W\SHVUXUDOWZRODQHURDGV
UXUDOPXOWLODQHKLJKZD\VXUEDQDQGVXEXUEDQDUWHULDOV
3DUW ' SURYLGHV &UDVK0RGLILFDWLRQ )DFWRUV &0)V DOORZLQJ WR TXDQWLI\ WKH FKDQJH LQ H[SHFWHG
DYHUDJHFUDVKIUHTXHQF\DVDUHVXOWRIJHRPHWULFRURSHUDWLRQDOPRGLILFDWLRQVWRDVLWHWKDWGLIIHUVIURPVHW
EDVHFRQGLWLRQV7KHVHFRQFHUQURDGZD\VHJPHQWVLQWHUVHFWLRQVLQWHUFKDQJHVVSHFLDOIDFLOLWLHVDQGURDG
QHWZRUNV7KHVH&0)VDUHFODLPHG WREH UHDGLO\DSSOLFDEOH WRDQ\GHVLJQRUHYDOXDWLRQSURFHVVZKHUH
RSWLRQDOWUHDWPHQWVDUHEHLQJFRQVLGHUHG
7KH+60,QFRUSRUDWHVPDQ\EXWQRWDOOJHRPHWULF IHDWXUHV0RUHRYHU WKHSURSRVHGPRGHOV 63)V
FDQQRW H[SODLQ FUDVK FDXVHV )RU LQVWDQFH ZHDWKHU DQG GULYHU EHKDYLRU DUH QRW H[SOLFLWO\ DGGUHVVHG LQ
WKHVH PRGHOV )LQDOO\ LQ VHYHUDO FDVHV WKH SURSRVHG PRGHOV DUH YHU\ VHQVLWLYH WR WKH DYDLODELOLW\ DQG
TXDOLW\RIWKHQHFHVVDU\GDWD


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7KH&('55HSRUW
7KH &RQIHUHQFH RI (XURSHDQ 'LUHFWRUV RI 5RDGV &('5 KDV EHHQ SURPRWLQJ FROODERUDWLRQ DQG
H[FKDQJHRILQIRUPDWLRQDQGH[SHUWLVHDPRQJVWLWVPHPEHUVVLQFH,QSDUWLFXODULWDLPVWRSURYLGH
VXSSRUWWRWKHDFWLYLWLHVRIWKH5RDG'LUHFWRUVDQGWKHLUQDWLRQDOURDGDGPLQLVWUDWLRQVWRSURPRWHDKLJK
OHYHO RI FRPPRQ LQIRUPDWLRQ DQG JLYH DVVLVWDQFH WR WKH (XURSHDQ &RPPLVVLRQ LQ WKH SUHSDUDWLRQ RI
UHSRUWVFRQFHUQLQJWKHGHYHORSPHQWRIWKH7UDQV(XURSHDQ5RDG1HWZRUN7(51
7KH VRXUFH RI&('5PHDVXUHV LV WKH )LQDO UHSRUW RI ©%HVW 3UDFWLFH RQ&RVW(IIHFWLYH5RDG6DIHW\
,QIUDVWUXFWXUH ,QYHVWPHQWVª $SULO    <DQQLV HW DO  $FFRUGLQJ WR WKH UHSRUW ILYH PRVW
SURPLVLQJ LQYHVWPHQWV ZHUH LGHQWLILHG DV UHVXOWV RI SUHOLPLQDU\ DVVHVVPHQW DQG UHODWHG UDQNLQJ RI
LQYHVWPHQWV DQG ZHUH VHOHFWHG IRU IXUWKHU DQDO\VLV LQGHSWK DQDO\VLV DQDO\]LQJ H[LVWLQJ OLWHUDWXUH LQ
FRQMXQFWLRQ ZLWK WKH UHVXOWV RI 4XHVWLRQQDLUH  RI WKH &('5 WDVN JURXS 2 5RDG VDIHW\ 7KHVH
LQYHVWPHQWV DUH FRQFHUQLQJ WKH IROORZLQJ PHDVXUHV FDWHJRULHV URDGVLGH WUHDWPHQW VSHHGLQJ MXQFWLRQ
OD\RXWMXQFWLRQWUDIILFFRQWUROWUDIILFFDOPLQJ
7KH)+:$&OHDULQJKRXVH&0)V
7KH &0) &OHDULQJKRXVH LV KRPH WR D :HEEDVHG GDWDEDVH RI &0)V DORQJ ZLWK VXSSRUWLQJ
GRFXPHQWDWLRQ WR KHOS WUDQVSRUWDWLRQ HQJLQHHUV LGHQWLI\ WKH PRVW DSSURSULDWH FRXQWHUPHDVXUH IRU WKHLU
VDIHW\QHHGV8VLQJWKLVVLWHRQHFDQVHDUFKWRILQG&0)VRUVXEPLWWKHLURZQ&0)VWREHLQFOXGHGLQWKH
FOHDULQJKRXVH&0)VDUHUDWHGXVLQJDIRXUVWDUV\VWHPIRUTXDOLW\$&0)ZLWKIRXUVWDUVLVRIDTXDOLW\
WREHLQFOXGHGLQWKH+606WDUVDUHDSSOLHGEDVHGRQUHYLHZIRUILYHFULWHULD6WXG\'HVLJQ6DPSOH6L]H
6WDQGDUG(UURU3RWHQWLDO%LDVDQG'DWD6RXUFH
7KH&RFKUDQHUHYLHZV
&RFKUDQH5HYLHZVDUHV\VWHPDWLFUHYLHZVRISULPDU\UHVHDUFKLQKXPDQKHDOWKFDUHDQGKHDOWKSROLF\
7KH\LQYHVWLJDWHWKHHIIHFWVRILQWHUYHQWLRQVIRUSUHYHQWLRQWUHDWPHQWDQGUHKDELOLWDWLRQ7KH\DOVRDVVHVV
WKHDFFXUDF\RIDGLDJQRVWLFWHVWIRUDJLYHQFRQGLWLRQLQDVSHFLILFSDWLHQWJURXSDQGVHWWLQJ
7KH &RFKUDQH ,QMXULHV *URXS KDV EHHQ SUHSDULQJ &RFKUDQH 5HYLHZV RQ WKH HIIHFWLYHQHVV RI
LQWHUYHQWLRQVIRUURDGVDIHW\LQFOXGLQJVORZLQJWUDIILFVSHHGZHDULQJKHOPHWVDQGGULYHUHGXFDWLRQ7KH
ILQGLQJVRIWKHVH&RFKUDQH5HYLHZVSURYLGHJXLGDQFHRQWKHHIIHFWLYHQHVVRILQWHUYHQWLRQVIRUURDGVDIHW\
LQWKHKRSHWKDWJRYHUQPHQWVXUEDQSODQQHUVDQGLQGLYLGXDOVZLOOEHHQFRXUDJHGWRLPSURYHURDGVDIHW\
DVDPDWWHURIXUJHQF\
&RXQWHUPHDVXUHV WKDW ZRUN $+LJKZD\ 6DIHW\ &RXQWHUPHDVXUH*XLGH )RU 6WDWH +LJKZD\ 6DIHW\
2IILFHVWK(GLWLRQ
7KLV*XLGH LV LQWHQGHG WREHDNH\UHIHUHQFH WRDVVLVW6WDWH+LJKZD\6DIHW\2IILFHV 6+62V LQ WKH
86$ VHOHFWLQJ HIIHFWLYH HYLGHQFHEDVHG WUDIILF VDIHW\ FRXQWHUPHDVXUHV IRU PDMRU URDG VDIHW\ SUREOHP
DUHDV7KH*XLGHGHVFULEHVVWUDWHJLHVDQGFRXQWHUPHDVXUHVWKDWDUHUHOHYDQWWR6+62VVXPPDUL]HVWKHLU
XVH HIIHFWLYHQHVV FRVWV DQG LPSOHPHQWDWLRQ FRQGLWLRQV DQG LQFOXGHV UHIHUHQFHV WR WKHPRVW LPSRUWDQW
SXEOLFDWLRQVUHVHDUFKVXPPDULHVDQGLQGLYLGXDOVWXGLHVLQWKHILHOG
7KH*XLGHLQFOXGHVFRXQWHUPHDVXUHVUHODWHGWRWKHIROORZLQJURDGVDIHW\SUREOHPVDQGUHVHDUFKDUHDV
DOFRKROLPSDLUHG GULYLQJ VHDWEHOW XVH DQG FKLOG UHVWUDLQWV DJJUHVVLYH GULYLQJ DQG VSHHGLQJ GLVWUDFWHG
DQGIDWLJXHGGULYLQJPRWRUF\FOHVDIHW\\RXQJGULYHUVROGHUGULYHUVSHGHVWULDQVELF\FOHV
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(DFKVHFWLRQ VWDUWVZLWKDEULHI OLWHUDWXUH UHYLHZRQ WKH URDG VDIHW\SUREOHPHJ WKH UHDGHU LVRIWHQ
UHIHUUHG WR WKH &RFKUDQH UHYLHZV IROORZHG E\ D SUHVHQWDWLRQ RI WKH UHODWHG VWUDWHJLHV DQG
FRXQWHUPHDVXUHV 0RUH WKDQ  LQGLYLGXDO FRXQWHUPHDVXUHV DUH H[DPLQHG DQG W\SLFDOO\ RQH SDJH LV
GHYRWHG WR HDFK FRXQWHUPHDVXUH ,Q HDFK FDVH WKH FRXQWHUPHDVXUHV DUH UDQNHG LQ WHUPV RI WKHLU
HIIHFWLYHQHVVRQWKHEDVLVRIDUDWLQJLQVWDUVZKHUHDVWKHXVHFRVWVDQGWLPHQHHGHGIRULPSOHPHQWDWLRQ
DUHDOVRDVVHVVHG
0RUHVSHFLILFDOO\HIIHFWLYHQHVVLVPHDVXUHGE\UHGXFWLRQVLQFUDVKHVRULQMXULHV
x  VWDUV WKH PHDVXUHV DUH GHPRQVWUDWHG WR EH HIIHFWLYH E\ VHYHUDO KLJKTXDOLW\ HYDOXDWLRQV ZLWK
FRQVLVWHQWUHVXOWV
x VWDUV'HPRQVWUDWHGWREHHIIHFWLYHLQFHUWDLQVLWXDWLRQV
x  VWDUV /LNHO\ WR EH HIIHFWLYH EDVHG RQ EDODQFH RI HYLGHQFH IURP KLJKTXDOLW\ HYDOXDWLRQV RU RWKHU
VRXUFHV
x  VWDUV (IIHFWLYHQHVV VWLOO XQGHWHUPLQHG GLIIHUHQW PHWKRGV RI LPSOHPHQWLQJ WKLV FRXQWHUPHDVXUH
SURGXFHGLIIHUHQWUHVXOWV
x VWDU/LPLWHGRUQRKLJKTXDOLW\HYDOXDWLRQHYLGHQFH
7KH XVH RI WKH PHDVXUHV LV UDQNHG EHWZHHQ +LJK LH PRUH WKDQ WZRWKLUGV RI WKH 6WDWHV RU D
VXEVWDQWLDO PDMRULW\ RI FRPPXQLWLHV PHGLXP DQG ORZ LH OHVV WKDQ RQHWKLUG RI WKH 6WDWHV RU
FRPPXQLWLHV7KHLPSOHPHQWDWLRQFRVWVDUHUDQNHGEHWZHHQKLJKLHUHTXLUHVH[WHQVLYHQHZIDFLOLWLHV
VWDIIHTXLSPHQWRUSXEOLFLW\RUPDNHVKHDY\GHPDQGVRQFXUUHQWUHVRXUFHVPHGLXPDQGORZLHFDQ
EH LPSOHPHQWHG ZLWK FXUUHQW VWDII SHUKDSV ZLWK WUDLQLQJ OLPLWHG FRVWV IRU HTXLSPHQW IDFLOLWLHV DQG
SXEOLFLW\)LQDOO\WKHWLPHWRLPSOHPHQWDWLRQLVUDQNHGEHWZHHQORQJLHPRUHWKDQRQH\HDUPHGLXP
DQG VKRUW LH WKUHHPRQWKV RU OHVV$ 
YDU\LQJ
 RSWLRQ IRU WKH DERYH UDQNLQJV LV DOVR XVHG LQ VHYHUDO
FDVHV
$XVWURDGV5RDG6DIHW\(QJLQHHULQJ7RRONLWZZZHQJWRRONLWFRPDX
7KH5RDG6DIHW\(QJLQHHULQJ7RRONLWLVDUHIHUHQFHWRROIRUURDGHQJLQHHULQJSUDFWLWLRQHUVLQVWDWHDQG
ORFDO JRYHUQPHQWV LQ $XVWUDOLD DQG1HZ =HDODQG ,W RXWOLQHV EHVWSUDFWLFH ORZ FRVW KLJK UHWXUQ URDG
HQYLURQPHQWPHDVXUHVWRDFKLHYHDUHGXFWLRQLQURDGWUDXPD7KH7RRONLWVHHNVWRUHGXFHWKHVHYHULW\DQG
IUHTXHQF\RIFUDVKHVLQYROYLQJURDGHQYLURQPHQWIDFWRUV7KH7RRONLWGUDZVWRJHWKHUH[LVWLQJURDGVDIHW\
HQJLQHHULQJNQRZOHGJHDVIDUDVSRVVLEOHLQWRRQH7RRONLWIRUHDV\DFFHVVE\SUDFWLWLRQHUV7KHSUHVHQWHG
NQRZOHGJHKDVEHHQXSGDWHGZLWKUHFHQWH[SHULHQFHIURPORFDODQGVWDWHJRYHUQPHQWDJHQFLHVDQGZLWK
WKHUHVXOWVRIFRPSUHKHQVLYHURDGVDIHW\UHVHDUFKUHYLHZV7KH7RRONLWLVFRQVLGHUHGDµOLYLQJ¶GRFXPHQW
LQFOXGLQJXSGDWHVDQGUHYLVLRQVVRWKDWPRUHUHFHQWVDIHW\µZLQV¶DUHFDSWXUHGDQGGLVVHPLQDWHG
,QWHUQDWLRQDO5RDG$VVHVVPHQW3URJUDPPHL5$35RDG6DIHW\7RRONLWKWWSWRRONLWLUDSRUJ
7KH5RDG6DIHW\7RRONLWSURYLGHVLQIRUPDWLRQRQWKHFDXVHVDQGSUHYHQWLRQRIURDGFUDVKHVWKDWFDXVH
GHDWKDQGLQMXU\%XLOGLQJRQGHFDGHVRIURDGVDIHW\UHVHDUFKWKH7RRONLWKHOSVHQJLQHHUVSODQQHUVDQG
SROLF\PDNHUVGHYHORSVDIHW\SODQVIRUFDURFFXSDQWVPRWRUF\FOLVWVSHGHVWULDQVELF\FOLVWVKHDY\YHKLFOH
RFFXSDQWVDQGSXEOLFWUDQVSRUWXVHUV,WLVDLPHGSULPDULO\DWXVHUVLQGHYHORSLQJFRXQWULHV,WKDVEHHQ
WUDQVODWHGLQWR)UHQFK6SDQLVKDQG&KLQHVH




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5HVHDUFKSURMHFWV
7KH3520,6,1*SURMHFW
7KH3520,6,1*SURMHFWDLPHGDWGHYHORSLQJPHDVXUHV WKDW UHGXFH WKH ULVNRI LQMXU\ WRYXOQHUDEOH
DQG\RXQJURDGXVHUVDVPXFKDVSRVVLEOHLQDQRQUHVWULFWLYHZD\,WZDVFRPPLVVLRQHGE\WKH(XURSHDQ
8QLRQDQGZDVFRRUGLQDWHGE\WKH6:29,QVWLWXWHIRU5RDG6DIHW\5HVHDUFK
7KHVRXUFHRI3520,6,1*SURMHFWPHDVXUHVFRPHIURPWKH:3©&RVWEHQHILWDQDO\VLVRIPHDVXUHV
IRUYXOQHUDEOHURDGXVHUVª-XO\&RVWEHQHILWDQDO\VLVZDVFDUULHGRXWIRUDQXPEHURIPHDVXUHV
7KH526(%8'WKHPDWLFQHWZRUN
526(%8'5RDG6DIHW\DQG(QYLURQPHQWDO%HQHILW&RVWDQG&RVW(IIHFWLYHQHVV$QDO\VLVIRU8VHLQ
'HFLVLRQ0DNLQJ LV D WKHPDWLF QHWZRUN IXQGHG E\ WKH (XURSHDQ &RPPLVVLRQ WR VXSSRUW XVHUV DW DOO
OHYHOV RI JRYHUQPHQW (XURSHDQ 8QLRQ QDWLRQDO UHJLRQDO ORFDO ZLWK URDG VDIHW\ UHODWHG HIILFLHQF\
DVVHVVPHQWVROXWLRQVIRUWKHZLGHVWSRVVLEOHUDQJHRIPHDVXUHV
526(%8'H[DPLQHGWKHIDFWRUVDIIHFWLQJWKHTXDOLW\RIWKHHIILFLHQF\DVVHVVPHQWRIDVDIHW\PHDVXUH
ZKLFK LQ WXUQ GHSHQGV RQ WKH TXDOLW\ RI WKH DYDLODEOH YDOXHV RI VDIHW\ HIIHFW 7KH ODWWHUZHUH IRXQG WR
GHSHQGRQDQXPEHURIIDFWRUVLQFOXGLQJWKHDYDLODELOLW\RIYDOXHVWKHYDOLGLW\RIWKHGDWDWKHYDULDELOLW\
RIWKHHIIHFWWKHORFDOYHUVXVJHQHUDOHIIHFWVWKHFKDQJHDELOLW\RIWKHHIIHFWHWF
:LWKLQWKHDFWLYLWLHVRIWKH5RVHEXGWKHPDWLFQHWZRUNDKDQGERRNWLWOHG©([DPSOHVRIDVVHVVHGURDG
VDIHW\ PHDVXUHV  D VKRUW KDQGERRNª ZDV LVVXHG RQ -XO\  DV WKH PDLQ RXWFRPH RI WKH 5RVHEXG
SURMHFW7KHKDQGERRNLQFOXGHVLQIRUPDWLRQDERXWYDULRXVDVVHVVHGURDGVDIHW\PHDVXUHV7KHDVVHVVPHQW
PHWKRGVXVHGDUHFRVWHIIHFWLYHQHVVDQDO\VLV&($RUFRVWEHQHILWDQDO\VLV&%$,Q&($WKHFRVWVRID
PHDVXUHDUHFRQIURQWHGZLWKLWVHIIHFWVWKHHIIHFWVRIWKHPHDVXUHVDUHQRWH[SUHVVHGLQPRQHWDU\WHUPV
2Q WKH FRQWUDU\ LQ&%$ WKH UHVXOW RI WKH HYDOXDWLRQ LV REWDLQHGE\ FRPSDULQJ FRVWVZLWKEHQHILWV$Q
HFRQRPLFHYDOXDWLRQZLOOKHOSLQLGHQWLI\LQJZKHWKHUDSURSRVHGFKDQJHZLOOLQFUHDVHHFRQRPLFZHOIDUH
WRHQVXUHWKDWUHVRXUFHVDUHGLVWULEXWHGLQDZD\ZKLFKSURYLGHVPD[LPXPOHYHORIXWLOLW\
(FRQRPLFHYDOXDWLRQRIURDGVDIHW\PHDVXUHVXVLQJFRVWEHQHILWDQDO\VLVLVEDVHGRQWKHFRVWVLQFXUUHG
DVDUHVXOWRIURDGFUDVKHV$YRLGLQJVXFKFRVWVUHSUHVHQWVWKHHFRQRPLFEHQHILWRIURDGVDIHW\PHDVXUHV
7KH EHQHILWFRVW UDWLR UHSUHVHQWV WKH HFRQRPLF DGYDQWDJH RI WKH VDIHW\ PHDVXUHV $FFRUGLQJ WR WKH
%HQHILW&RVW UDWLR PHDVXUHV DUH UDQNHG DV SRRU DFFHSWDEOH DQG H[FHOOHQW 0HDVXUHV IURP 5RVHEXG
FRQVLVWRIXVHUUHODWHGYHKLFOHUHODWHGDQGLQIUDVWUXFWXUHUHODWHGPHDVXUHV
7KH UHFRPPHQGDWLRQV RI WKH 526(%8' SURMHFW LQFOXGH ZD\V WR V\VWHPDWL]H WKH YDOXHV RI VDIHW\
HIIHFWVPDLQO\E\GRFXPHQWLQJWKHHIIHFWVRQWKHEDVLVRIHLWKHUDPHWDDQDO\VLVRUWUDGLWLRQDOOLWHUDWXUH
VXUYH\VDQGE\SURYLGLQJIRUWKHRUHWLFDOHIIHFWVEDVHGRQNQRZQUHODWLRQVKLSVEHWZHHQULVNIDFWRUVDQG
FUDVKHV7KH\DOVRLQFOXGHFULWHULDIRUH[DPLQLQJWKHORFDOILQGLQJVRQVDIHW\HIIHFWVRIURDGLQIUDVWUXFWXUH
LPSURYHPHQWV
7KH6835(0(SURMHFW
7KH6835(0(UHVHDUFKSURMHFWZDVIXQGHGE\WKH(XURSHDQ&RPPLVVLRQDQGLWVJRDOZDVWRFROOHFW
DQDO\VHVXPPDULVHDQGSXEOLVKEHVWSUDFWLFHVLQURDGVDIHW\LQWKH0HPEHU6WDWHVRIWKH(XURSHDQ8QLRQ
DVZHOODVLQ6ZLW]HUODQGDQG1RUZD\7KHWDUJHWDXGLHQFHVRIWKHSURMHFWDUHGHFLVLRQDQGSROLF\PDNHUV
DWDOOOHYHOVIURP(XURSHDQWRORFDODVZHOODVWKHVFLHQWLILFFRPPXQLW\DQGSUDFWLWLRQHUVLQWKHILHOG7KH
DLP ZDV WR SURYLGH WKH XVHU VSHFLILF LQIRUPDWLRQ RQ RXWVWDQGLQJ VDIHW\ PHDVXUHV ZLWK D YLHZ WR
LPSOHPHQWDWLRQLQRWKHUFRXQWULHVRUDWWKH(XURSHDQOHYHO
2883 George Yannis et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  2876 – 2886 
6835(0(PHDVXUHVFRPHIURPWKHILQDOUHSRUWWKDWFRQVLVWVRISDUWVDQGPDLQO\IURPWKH3DUWV
&'+DQGERRNIRUPHDVXUHVDWWKH&RXQWU\OHYHODQG+DQGERRNIRUPHDVXUHVDWWKH(XURSHDQOHYHO
-XQHUHVSHFWLYHO\7KHHYDOXDWHGVDIHW\PHDVXUHVGHVFULEHGDUHUDQNHGDVEHVWJRRGDQGSURPLVLQJ
SUDFWLFHVDW WKHIROORZLQJDUHDV OLFHQVLQJSROLF\HQIRUFHPHQWFDPSDLJQV LQIUDVWUXFWXUH LQWHUYHQWLRQV
VDIHW\HTXLSPHQWGDWDDQDO\VLVSRVWLPSDFWFDUH
7KHPHDVXUHVZLWKLQ WKH6835(0(UHVHDUFKSURMHFWZHUHFROOHFWHG WKURXJKDTXHVWLRQQDLUH VHQW WR
H[SHUWVZRUNLQJIRULQWHUQDWLRQDORU(XURSHDQRUJDQLVDWLRQV1*26LQWHUHVWJURXSVDQG LQGXVWULHV7KH
LQIRUPDWLRQ FROOHFWHG WKURXJK WKH TXHVWLRQQDLUHV ZDV VXSSOHPHQWHG E\ DGGLWLRQDO UHVHDUFK IURP WKH
DXWKRUV
$FFRUGLQJ WR WKH 6835(0(SURMHFW ³EHVW SUDFWLFH´PHDVXUHV DUH VFLHQWLILFDOO\SURYHQ WR OHDG WR D
UHGXFWLRQ RI URDG FUDVKHV DQGRU GHDWKV DQG VHULRXV LQMXULHV KDYH D SRVLWLYH FRVWEHQHILW UDWLR DQG DUH
H[SHFWHGWROHDGWRHIIHFWVµVXVWDLQDELOLW\DQGRUWRSXEOLFDFFHSWDQFH0HDVXUHVDUHUDWHGDV³JRRG´ZKHQ
WKHDYDLODEOHLQIRUPDWLRQRQWKHDERYHFULWHULDZDVQRWVXIILFLHQWWRDVVHVVLIWKH\ZHUHWKHEHVWSUDFWLFHLQ
WKHLUFDWHJRU\EHFDXVHWKHUHLVDFOHDUODFNRIV\VWHPDWLFHYDOXDWLRQVRILPSOHPHQWHGPHDVXUHV0HDVXUHV
WKDW KDYH QRW \HW EHHQ LPSOHPHQWHG DW WKH (XURSHDQ RU LQWHUQDWLRQDO OHYHO EXW KDYH SURYHQ WR EH
VXFFHVVIXOLQRQHRUVHYHUDO0HPEHU6WDWHVZHUHUDWHGDV³SURPLVLQJ´
7KH5$1.(56SURMHFW
5$1.(56 5$1.LQJ IRU(XURSHDQ5RDG6DIHW\ LV D UHVHDUFK SURMHFW FRIXQGHG E\ WKH(XURSHDQ
&RPPLVVLRQGHVLJQHGWRJDLQQHZNQRZOHGJHE\SHUIRUPLQJUHVHDUFKDQGHPSLULFDOVWXGLHVRIWKHURDG
V
LQWHUDFWLRQZLWKWKHGULYHUDQGKLVYHKLFOHLQRUGHUWRLGHQWLI\RSWLPDOURDGUHFRPPHQGDWLRQVDQGSUHGLFW
WKHLULPSDFWRQVDIHW\7KHPDLQRXWSXWRIWKHSURMHFWLQFOXGHVDQLQGH[XVHGIRUDVVHVVLQJDQGPRQLWRULQJ
URDG VDIHW\ DQG D FRPSUHKHQVLYH FDWDORJXH RI URDG LQIUDVWUXFWXUH VDIHW\ UHFRPPHQGDWLRQV UDQNHG
DFFRUGLQJWRWKHLUFRVWHIIHFWLYHQHVV
$5RDG6DIHW\,QGH[LVSURSRVHGIRUWKHHYDOXDWLRQRIURDGVDIHW\LQURDGVHFWLRQVZKLFKDVVHVVHVWKH
DFWXDOVWDWXVRIURDGLQIUDVWUXFWXUHDQGLWVUHODWLRQVKLSZLWKURDGVDIHW\7KHLQGH[LVVHSDUDWHO\HVWLPDWHG
IRULQVL[LQIUDVWUXFWXUHWRSLFVURDGDOLJQPHQWMXQFWLRQVRYHUWDNLQJURDGVLGHSDYHPHQWDQGURDGOD\RXW
FRQVLVWHQF\7KHLQGH[SURYLGHVDJHQHUDOVDIHW\PDUNIRUHDFKURDGVHFWLRQDQGVL[SDUWLFXODUURDGVDIHW\
PDUNVIRUHDFKFDWHJRU\LQHDFKURDGVHFWLRQ7KHVDIHW\PDUNVDUHSURYLGHGHDFK±NPRIWKHURDG
QHWZRUN DQG DUHGLYLGHG LQ IRXU FDWHJRULHV UDQJLQJ IURP ³ ,W LV XUJHQW WR WDNH UHPHGLDOPHDVXUHV WR
VROYHWKLVLQIUDVWUXFWXUHVDIHW\WRSLF´WR³1RDFWLRQLVQHFHVVDU\´
$IWHU KDYLQJ LGHQWLILHG WKH URDG VDIHW\ GHILFLHQFLHV RI URDG LQIUDVWUXFWXUH DQ H%RRN  5DQNLQJ RI
5HFRPPHQGDWLRQV RIIHUV WKH PRVW FRVW  HIIHFWLYH VROXWLRQV 7KLV FDWDORJXH LV VWUXFWXUHG DFFRUGLQJ WR
GLIIHUHQWDFFLGHQWVFHQDULRVDQGPD\WKXVSURYLGHDGHTXDWHVROXWLRQVIRUGLIIHUHQWURDGVDIHW\SUREOHPV
7KH FRXQWHUPHDVXUHV LQFOXGHG LQ WKH FDWDORJXH DUH UDQNHG DFFRUGLQJ WKH UDWLR EHWZHHQ WKHLU FRVWV DQG
HIIHFWLYHQHVV $V WKH HIIHFWLYHQHVV LQIRUPDWLRQ LV QRW DOZD\V DYDLODEOH D PHWKRGRORJ\ KDV EHHQ
GHYHORSHGWKDWDOORZVFDOFXODWLQJWKHUDWLRVEHWZHHQWKHFRXQWHUPHDVXUHVRIWKHVDPHVFHQDULR,WGRHVQRW
SURYLGHDEVROXWH UDWLRVEXWZLWKLQD VHWRIFRXQWHUPHDVXUHV LW SURYLGHVZKLFKDUHPRUHFRVW  HIIHFWLYH
FRPSDUHGWRRWKHUV
2WKHU5HSRUWV
7KH,57$'$QQXDO5HSRUWV
7KHVRXUFHRI,57$'PHDVXUHVLVWKH©,57$'5RDG6DIHW\$QQXDO5HSRUWªWKDWLQFOXGHVURDG
VDIHW\GDWD IURPFRXQWULHVPHPEHUV7KLV UHSRUWVXPPDUL]HV WKHUHFHQW URDGVDIHW\PHDVXUHV
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 DV ZHOO DV WKH 1DWLRQDO 5RDG VDIHW\ WDUJHWV DQG 6WUDWHJLHV ZLWKRXW DOZD\V LQGLFDWLQJ WKHLU
HIIHFWLYHQHVV
(&7HFKQLFDO$VVLVWDQFHIRUWKH5RDG6DIHW\$FWLRQ3URJUDPPH
:LWKLQ WKH WHFKQLFDO DVVLVWDQFH RI WKH (XURSHDQ &RPPLVVLRQ LQ VXSSRUW RI WKH SUHSDUDWLRQ RI WKH
(XURSHDQURDGVDIHW\DFWLRQSURJUDPPHVHYHUDO URDGVDIHW\PHDVXUHVDQG WKHLU LPSDFWZHUH
H[DPLQHG&2:,7KHPDLQVRXUFHVRIWKLVUHSRUWDUH(562(76&(XUR5$37KH*OREDO6WDWXV
5HSRUWRQ5RDG6DIHW\RI:+2,57$'DQGQDWLRQDOVRXUFHV
$FFRUGLQJ WR WKH UHSRUW SHUIRUPDQFH RI HQIRUFHPHQW RQ VSHHG GULQN GULYLQJ VHDW EHOW ZHDULQJ LQ
(8 LV SURYLGHG DV TXDQWLWDWLYH UDQNLQJ JRRG LPSURYLQJ QHHG WRGRPRUH DQGTXDOLWDWLYH UDQNLQJ
VFDOH  (IIHFWLYHQHVV RI KHOPHW ZHDULQJ HQIRUFHPHQW DQG FKLOG UHVWUDLQWV DUH DOVR SURYLGHG ,Q
DGGLWLRQLQIUDVWUXFWXUHLQWHUYHQWLRQVFRQFHUQLQJHQJLQHHULQJDFWLRQVVXFKDVIRUPDODXGLWVRQQHZURDGV
UHJXODU LQVSHFWLRQV RQ H[LVWLQJ URDGV (XUR5$3 DVVHVVPHQW ULVN PDSSLQJ RU VWDU UDWLQJ DUH DOVR
LQFOXGHG
5RDGV DUH DVVHVVHG DFFRUGLQJ WR VHSDUDWLRQ RI GLUHFWLRQV KRZ ZHOO WKH PHGLDQV DUH WUHDWHG WKH
GHVLJQVWDQGDUGDQGIUHTXHQF\RILQWHUVHFWLRQVKRZZHOOWKHURDGVLGHVDUHSURWHFWHGKRZWKHHGJHRIWKH
FDUULDJHZD\LVWUHDWHGDQGWKHDYDLODELOLW\RIIDWDOLWLHVIRUSHGHVWULDQVDQGF\FOLVWV
&RQFHUQLQJWKHHGXFDWLRQDQGFDPSDLJQPHDVXUHVRIWKHVDIHW\PHDVXUHVWKLVVWXG\SUHVHQWVWKHPRVW
FRPPRQFDPSDLJQVRQVSHHGVHDWEHOWVDOFRKROKHOPHWV\RXQJGULYHUVDQGVFKRROFKLOGUHQHGXFDWLRQ
$VIRUWUDXPDPDQDJHPHQWWKLVVWXG\SUHVHQWVWKHSHUIRUPDQFHIRUVHYHUDOFRXQWULHVDFFRUGLQJWRWKH
UDQNLQJSURSRVHG LQ WKH6DIHW\1HW UHVHDUFKSURMHFW KLJK OHYHOPHGLXP OHYHO ORZ OHYHO UHODWLYHO\ ORZ
OHYHO
,FDUVQHWZRUN7KHPDWLFJURXSRQLPSDFWDVVHVVPHQWPHDVXUHV
7KLV ZRUN SURYLGHV DQ RYHUYLHZ RI LPSDFWV DVVHVVPHQW VWXGLHV DOO W\SHV RI VWXGLHV IURP H[SHUW
MXGJPHQW WR FUDVK VWXGLHV IRU LQWHOOLJHQW YHKLFOH V\VWHPV 7KH REMHFWLYH RI WKH SURMHFW LV WR H[FKDQJH
H[SHULHQFHUHJDUGLQJ WKHXVHRIGLIIHUHQWPHWKRGVRI LPSDFWDVVHVVPHQWDQGVRFLRHFRQRPLFHYDOXDWLRQ
ZLWKWKHJRDORIOHDGLQJWRPRUHUHOLDEOHPHWKRGVZLWKKLJKHUSUHGLFWLYHYDOLGLW\
([LVWLQJQDWLRQDODSSURDFKHVDQGLQLWLDWLYHV
0HPEHUV RI WKH 2(&',7) :RUNLQJ *URXS SURYLGHG LQIRUPDWLRQ DERXW WKH DVVHVVPHQW RI WKH
HIIHFWLYHQHVV RI URDG VDIHW\ PHDVXUHV LQ WKHLU FRXQWULHV ,QIRUPDWLRQ ZDV REWDLQHG IURP WKH IROORZLQJ
FRXQWULHV$XVWUDOLD$XVWULD&DQDGD)LQODQG*HUPDQ\*UHHFH ,UHODQG -DSDQ1HWKHUODQGV1RUZD\
6SDLQ6ZHGHQ8QLWHG.LQJGRPDQGWKH8QLWHG6WDWHV
)URPWKHUHYLHZRIWKHVHQDWLRQDOLQLWLDWLYHVLWZDVFRQFOXGHGWKDWPDQ\FRXQWULHVXVHWKHLQWHUQDWLRQDO
KDQGERRNVZLWKLQWKHLUQDWLRQDOURDGVDIHW\HIILFLHQF\DVVHVVPHQWDQDO\VHV,QVRPHFDVHVWKH\DGRSWWKH
YDOXHVSURSRVHGHJLQWHUPVRISHUFHQWDJHUHGXFWLRQRIDFFLGHQWVIDWDOLWLHVRU&0)VLQRWKHUFDVHV
WKH\DGMXVWWKHPWRWKHORFDOFRQGLWLRQV+RZHYHUGXHWRWKHLPSRUWDQWJDSVLQWKHNQRZOHGJHFRQFHUQLQJ
WKHWUDQVIHUDELOLW\RIVXFKYDOXHVDFURVVFRXQWULHVVHYHUDOFRXQWLHVKDYHGHYHORSHGWKHLURZQPHWKRGVDQG
YDOXHVIRUDVVHVVLQJWKHHIIHFWLYHQHVVRIURDGVDIHW\PHDVXUHV



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&RQFOXVLRQ
7KLVUHYLHZRIFXUUHQWJOREDONQRZOHGJHH[SHULHQFHDQGSUDFWLFHVZLWK&0)VSURYLGHGDQXPEHURI
LQWHUHVWLQJ OHVVRQV  )LUVWO\ EDVHGRQ D UHYLHZGRQHZLWKLQ WKH IUDPHZRUNRI WKH ,7)2(&':RUNLQJ
*URXS LW DSSHDUHG WKDW TXLWH D IHZ GHYHORSHG FRXQWULHV FRQVLGHU HIILFLHQF\ DVVHVVPHQW RI URDG VDIHW\
PHDVXUHV DV D YHU\ XVHIXO WRRO LQ GHFLVLRQ PDNLQJ &RVWEHQHILW DQG FRVWHIIHFWLYHQHVV DQDO\VHV DUH
FDUULHG RXW LQ VHYHUDO FRXQWULHV LQ DPRUH RU OHVV V\VWHPDWLF ZD\ DW QDWLRQDO UHJLRQDO RU ORFDO OHYHO
7KHVH VWXGLHV DUH EDVHG RQ VRPH HVWLPDWH RI WKH VDIHW\ HIIHFWV RI WKH H[DPLQHGPHDVXUHV LQ WHUPV RI
FUDVKHVRUFDVXDOWLHVUHGXFWLRQIROORZLQJWKHLPSOHPHQWDWLRQRIWKHPHDVXUH
)XUWKHUPRUH WKHUH LV DOUHDG\DGHFDGHRIHIIRUWV IRUJDWKHULQJ WKH UHVXOWVRIFRVWEHQHILW DQDO\VLVRI
URDG VDIHW\ PHDVXUHV LQ VHYHUDO LQWHUQDWLRQDO VFLHQWLILF LQLWLDWLYHV ZKLFK KDYH UHVXOWHG LQ D IHZ
FRPSUHKHQVLYHKDQGERRNV7KHVHPDQXDOVKDQGERRNVDQGRWKHUWRROVDLPWRJDWKHULQJKDUPRQL]LQJDQG
LPSURYLQJ WKH H[LVWLQJ NQRZOHGJH RQ WKH HIIHFWLYHQHVV RI URDG VDIHW\PHDVXUHVZLWK ILQDO REMHFWLYH WR
DVVLVWUHVHDUFKHUVDQGSUDFWLWLRQHUVLQDVVHVVLQJWKHHIIHFWLYHQHVVRIURDGVDIHW\PHDVXUHV7KHSXEOLFDWLRQ
RI WKH+LJKZD\ 6DIHW\0DQXDO $$6+72  EXLOGV RQ HIIRUWV LQPDQ\ SDUWV RI WKH ZRUOG DQG LV
UHIOHFWLYHRIGHHSLQWHUHVWLQTXDQWLWDWLYHDVVHVVPHQWRIVDIHW\GHFLVLRQVXWLOL]LQJ&0)V&RXQWULHVRIWHQ
XVH WKHVH LQWHUQDWLRQDO KDQGERRNVPDQXDOV DQG RWKHU WRROVZLWKLQ WKHLU QDWLRQDO URDG VDIHW\ HIILFLHQF\
DVVHVVPHQWDQDO\VHVE\DGRSWLQJWKHYDOXHVSURSRVHGHJLQWHUPVRISHUFHQWDJHUHGXFWLRQRIDFFLGHQWV
IDWDOLWLHVRU&0)VRUE\DGMXVWLQJWKHPWRWKHORFDOFRQGLWLRQV
+RZHYHUDPRUHZLGHVSUHDGRUIUXLWIXOXVHRIHIILFLHQF\DVVHVVPHQWRIURDGVDIHW\PHDVXUHLVLQPRVW
FDVHVOLPLWHGDVVHYHUDOWHFKQLFDODQGLQVWLWXWLRQDOEDUULHUVH[LVW7KHPRVWLPSRUWDQWEDUULHULVWKHODFN
RINQRZOHGJHDQGGDWDRQWKHVDIHW\HIIHFWVRIURDGVDIHW\PHDVXUHV)XUWKHUPRUHWKHWUDQVIHUDELOLW\RI
WKHUHVXOWV IURPRQHFDVHHJUHJLRQWRWKHRWKHUPDNHVFLHQWLVWVDQGGHFLVLRQPDNHUVVNHSWLFDODERXW
WKHSUHYDOHQFHRIWKHVHDVVHVVPHQWUHVXOWVLQWKHLUVSHFLILFFDVHV
,QWKHUHFHQW\HDUVWKHUHLVVLJQLILFDQWDGYDQFHPHQWRIWKLQNLQJDERXWZKDWUHVHDUFKSURGXFHVDJRRG
&0)DQGDQLPSRUWDQWUHVHDUFKHIIRUWKDVEHHQGHGLFDWHGWRZDUGVWKHVWDQGDUGL]DWLRQRIWKHPHWKRGVIRU
HVWLPDWLQJWKHVDIHW\HIIHFWVRIURDGVDIHW\PHDVXUHV,VVXHVWDUJHWHGFRQFHUQPDLQO\WKHDFFXUDF\RIWKH
HVWLPDWLRQDQGWKHFRQGLWLRQVDQGQHFHVVDU\DGMXVWPHQWVUHTXLUHGWRDOORZWKHWUDQVIHUDELOLW\RIWKHVDIHW\
HIIHFWHVWLPDWHVWRGLIIHUHQWVHWWLQJVRUFRXQWULHV7RWKLVHQGWKHUHLVFHUWDLQO\QHHGIRUIXUWKHUUHVHDUFK
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